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ARTICLE INFO ABSTRACT

Keywords: Objectives: To explore the multifactorial causality of prolonged viral shedding time and identify
Viral shedding time different viral shedding trajectories in Omicron BA.2 variant infections.

SARS-CoV-2

Methods: The Kaplan-Meier method was used to estimate the survivor function, and the Cox
proportional hazards model was fitted to identify factors associated with viral shedding time.
Group-based trajectory model (GBTM) was used to identify different viral shedding trajectories.
Ordinal logistic regression was used to identify factors that significantly impacted the trajectory
membership.

Results: The overall median viral shedding time was 12 days (interquartile range [IQR]: 8-15).
Viral shedding time was longer for female cases, cases who were incompletely vaccinated, cases
with comorbidities, cases with severe or critical infections and cases who had not taken Paxlovid
within 5 days after diagnosis. Compared to the 3 to 17-year-old group, all older groups had
significantly longer viral shedding times. The GBTMs based on the N gene and the ORFIab gene
were consistent. Three viral shedding trajectories were identified and age group, comorbidities,
vaccination status, disease state, Paxlovid treatment were significantly associated with the tra-
jectory membership.

Conclusion: Increased age, comorbidities, incomplete vaccination, severe or critical infections, and
delayed Paxlovid treatment were the risk factors for prolonged viral shedding time.

COVID-19
Observational study

1. Introduction

The 2019 coronavirus disease (COVID-19) pandemic remains a global public health emergency. The Omicron BA.2 variant was first
detected in the United States in November of 2021 and has subsequently spread worldwide [1]. A major community epidemic of the
Omicron BA.2 in Shanghai began in late February 2022 [2].
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Understanding the transmission dynamics of the Omicron BA.2 variant infection has significant implications for epidemic pre-
vention and control. The long viral shedding time of some persons infected with the Omicron BA.2 variant has drawn considerable
concern because this phenomenon has increased the difficulties of epidemic prevention and control [3-6]. Confirming the significance
of prolonged polymerase chain reaction (PCR) positivity and the clinical importance of various routes of viral shedding time are critical
to informing guidance around transmission-based isolation precautions. However, the characteristics of the viral shedding time in
Omicron BA.2 variant infections have not been well clarified. Even though there have been many studies on the viral shedding time of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the results are heterogeneous and do not specifically focus on Omicron
BA.2 [7,8].

Research to identify different viral shedding trajectories of individuals with the SARS-CoV-2 infection and to identify factors that
significantly impact the trajectory membership is helpful. A group-based trajectory model (GBTM) could be a feasible approach to
identify the different viral shedding types. The GBTM—also known as latent class growth analysis (LCGA)—postulates a discrete
distribution of the population and makes it possible to distinguish subgroups or classes of homogeneous individuals who have a similar
trajectory within that population [9]. The GBTM has recently been used in medical research [10,11]. Studies have explored using the
GBTM as an improved approach to describe medication adherence [12,13].

This study aimed to explore the multifactorial causality of viral shedding time in infections of the Omicron BA.2 variant, identify
different viral shedding types, and identify the characteristics of each type. Based on the population from 3 mobile cabin hospitals and
2 COVID-19-designated hospitals in Shanghai, we performed a comprehensive evaluation of the viral shedding time in people infected
with the Omicron BA.2 variant with different demographic and clinical features.

2. Methods
2.1. Study design and participants

We evaluated the viral shedding time of the Omicron BA.2 variant infection in Shanghai in this retrospective observational study.
The study population covered 2 areas of Shanghai, including 2 mobile cabin hospitals, 1 COVID-19-designated hospital in the western
area, and 2 COVID-19-designated hospitals in the eastern area. Cases infected with the Omicron BA.2 variant between February 17,
2022, and June 28, 2022, during Shanghai’s COVID-19 epidemic were confirmed with positive real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) testing.

Cases were excluded if they satisfied any of the following conditions: (1) they were under the age of 3 years old, (2) they had an
unclear SARS-CoV-2 vaccination history, (3) they were admitted more than 14 days after the confirmation that they were infected, (4)
they were under long-term hemodialysis, and/or (5) cases had records of re-positive test results, but no corresponding records of the
initial positive tests were available.

The study was approved by the Ethical Committee of Zhongshan Hospital, Fudan University (no. B2022-244R), Shanghai Pudong
hospital, Fudan University (no. WZ-22), and Renji Hospital, Shanghai Jiao Tong University (no. RA-2022-601). The study was
registered with the Chinese Clinical Trial Registry (no. ChiCTR2200060003). The STROBE (Strengthening the Reporting of Obser-
vational Studies in Epidemiology) checklist was used to guide transparent reporting (Table S1).

2.2. Procedures

We defined the viral shedding time as the time from the first positive RT-PCR results to viral shedding cessation. Viral shedding
cessation was considered to be the occurrence of 2 consecutive negative tests with an interval of over 24 h (a cycle threshold [CT] value
large than 35 in at least the N and ORF1ab genes). Based on the timing of the infection waves in Shanghai and the clustering of selected
viral genomes into BA.2 [2], the infections were assumed to be of the BA.2 variant.

Baseline information about each participant’s age, gender, vaccination status, comorbidities, clinical manifestations, and prognosis
were available to study investigators, along with the results of laboratory examinations and treatments. Baseline characteristics and
clinical information were acquired from the hospitals’ electronic medical records. Each participant’s vaccination history was obtained
from the Shanghai Group Immunization System, which included comprehensive vaccination information of all vaccine recipients, such
as the type, manufacturer, date, and doses of vaccines.

All participants were COVID-19 patients with recent infection confirmed by SARS-CoV-2 RT-PCR. We retrieved their vaccination
history, and those who received the latest dose of vaccination at least 7 days before SARS-CoV-2 exposure were included in the
analysis. The participants were divided into three groups based on their vaccination status: (1) incomplete vaccination (0 or 1 dose),
(2) full vaccination (2 doses), and (3) booster vaccination (3 doses).

The diagnosis and clinical severity classification were made according to the Chinese Clinical Guidance for COVID-19 Pneumonia
Diagnosis and Treatment (seventh edition) [14]. Patients categorized as asymptomatic were confirmed cases without clinical symptoms.
Patients categorized as having a mild infection had mild symptoms without signs of pneumonia on chest imaging. Patients categorized
as having a moderate infection had signs of pneumonia on radiologic assessment. Patients were categorized as having a severe
infection if they had 1 of the following conditions: (1) a respiration rate >30/min, (2) SpO2 < 93% in the resting state, (3) an arterial
partial pressure of oxygen/fraction of inspired oxygen <300 mmHg, or (4) progressive clinical aggravation or chest imaging that
showed lesion progression >50% within 24-48 h. Patients were categorized as having a critical infection if they presented any of the
following: (1) respiratory failure requiring mechanical ventilation, (2) shock, or (3) a combination of other organ failure requiring care
in the intensive care unit.
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2.3. Statistical analysis

The mean + standard deviation (SD) or median (IQR) are reported for continuous variables, and frequencies and percentages are
reported for categorical variables. To identify factors associated with viral shedding time, we used the Kaplan-Meier method to
calculate the median viral shedding time and the cumulative viral shedding rates over 7 and 14 days by subgroups (based on age group,
gender, vaccination status, comorbidities, diagnosis, and treatments). Moreover, the log-rank method was used to compare within
subgroups. We then fitted a multivariable Cox proportional hazards model to identify the risk factors for a prolonged viral shedding
time. From the estimated coefficients, the hazard ratio (HR) and its 95% CI were calculated and reported.

The GBTM was used to examine heterogeneity in the CT values of N or ORFlab gene trajectories over the first 14 days after
diagnosis [9]. We fitted the model from 5 group trajectories to 2 group trajectories, and the timescale was the pharyngeal swab
SARS-CoV-2 PCR test time (days). To identify the model with optimal functional forms of trajectories starting from the highest
polynomial, the cubic, quadratic, and linear terms were considered and assessed according to the significance level. The statistical fit
criteria were the Bayesian information criterion (BIC) value (a smaller BIC indicated a better model fit), the average posterior
probability above 0.7, and a trajectory size greater than or equal to 5% of the sample [15]. Confidence in the final solution was based
on the above statistical indices of fit as well as the theoretical meaningfulness and conceptual interpretability of the class structure.
Once the final trajectory subgroup structure was determined, we sorted it according to the speed of recovery of each class and used
ordinal logistic regression to estimate predictors of the trajectory membership. For the ordinal logistic regression analysis, the odds
ratio (OR) and its 95% CI were calculated and reported.

Statistical analyses were performed using R version 4.2.2 (The R Foundation of Statistical Computing). A 2-sided P value < 0.05 was
considered statistically significant.

3. Results
3.1. Study population

During the study period, 17,470 individuals with a positive RT-PCR—confirmed Omicron BA.2 variant infection were enrolled. After
excluding 2479 cases due to the exclusion criteria (Fig. 1), we included 14,991 cases were eligible for the main analysis. Most cases
only included the qualitative RT-PCR results (+/—), but for 5332 cases, detailed CT values of the N and ORF1ab genes were available
for trajectory analyses.

The mean age of 14,991 cases was 50.0 (SD 20.7) years. The most common age group was 40-59 years (33.3%), followed by 18-39
years (29.5%). Of the cases, 24.5% had comorbidities, 30.7% had an incomplete vaccination status, 1.6% had severe or critical in-
fections, and only a few (3.9%) had taken Paxlovid within 5 days after their diagnosis (Table 1).

For the subgroup of 5332 cases that had CT values of the N and ORF1ab genes, the characteristics were similar to those of the main
population. The mean age was 46.5 (SD 20.7) years, and most cases were younger than 60 years old. A total of 21.6% of these cases had
comorbidities, 33.0% had an incomplete vaccination status, 2.0% had severe or critical infections, and only 7.8% had taken Paxlovid
within 5 days after the illness was confirmed (Table S2).

3.2. Viral shedding time in infections and subgroup results

A total of 102 cases with the Omicron BA.2 variant infection died, and 14,889 cases were observed until viral shedding cessation.
The descriptive and Kaplan-Meier analyses of viral shedding time are shown in Table 1 and Fig. 2. The overall median viral shedding
time was 12 days (IQR 8-15). The 7-day and 14-day cumulative viral shedding rates were 17.9% (95% CI: 19.1-20.4) and 71.6% (95%
CIL: 70.8-72.3), respectively.

Among the different age groups, the median viral shedding time was significantly longest in cases older than 80 years (16 days; IQR:
11-20; P < 0.001). The median viral shedding time of the incomplete vaccination group (13 days) was longer than that of the full

A total of 17470 unique individuals with positive RT-PCR confirmed
SARS-CoV-2 infection were admitted from February 17 to June 28, 2022.

2479 were excluded

* 607 aged < 3 year-old

« 587 with unclear SARS-CoV-2 vaccination history

* 45 under long-term hemodialysis

* 850 with more than 14 days overdue admission
after infectious confirmation

* 390 with only records of re-positive test results

14991 cases with first positive RT-PCR confirmed information were
eligible in the main analysis.

5332 cases with CT values of ORFIlab and N genes from day 1 to day 14
were eligible in the trajectory model analysis.

Fig. 1. Flow chart of research population screening.
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Table 1
Characteristics of SARS-CoV-2 infection individuals for the main analyses.

Total (N = Median time to viral 7-day cumulative viral shedding 14-day cumulative viral shedding

14,991) shedding, day (IQR) rate, % (95%CI) rate, % (95%CI)
Characteristics
Age group - no. (%)
3-17 years 731 (4.9) 11 (8-13) 18.5 (15.6-21.2) 84.4 (81.5-86.8)
18-39 years 4420 (29.5) 11 (8-14) 21.5 (20.2-22.7) 81.4 (80.2-82.5)
40-59 years 4998 (33.3) 11 (8-14) 21.4 (20.2-22.5) 75.7 (74.5-76.9)
60-79 years 3529 (23.5) 13 (9-16) 17.5 (16.2-18.7) 61.4 (59.7-62.9)
>80 years 1313 (8.8) 16 (11-20) 14.3 (12.4-16.2) 42.0 (39.2-44.6)
Gender - no. (%)
Female 7458 (49.7) 12 (9-15) 18.2 (17.3-19.0) 69.6 (68.5-70.6)
Male 7533 (50.3) 11 (8-15) 21.3 (20.4-22.2) 73.6 (72.5-74.5)
With comorbidities - no. (%)
No 11,315 (75.5) 11 (8-14) 20.6 (19.9-21.3) 20.6 (19.9-21.3)
Yes 3676 (24.5) 14 (10-17) 17.0 (15.8-18.2) 17.0 (15.8-18.2)
Vaccination status - no. (%)
Incomplete vaccination 4603 (30.7) 13 (10-17) 15.8 (14.8-16.9) 59.5 (58.0-60.9)
Full vaccination 4430 (29.6) 11 (8-14) 21.7 (20.5-22.9) 75.9 (74.6-77.2)
Booster vaccination 5958 (39.7) 11 (8-14) 21.3 (20.2-22.3) 77.6 (76.5-78.6)
Admission and treatment
Severe or critical infection -

no. (%)
No 14,752 (98.4) 12 (8-15) 19.9 (19.2-20.5) 72.2 (71.4-72.9)
Yes 239 (1.6) 18 (13-24) 10.5 (6.5-14.4) 31.8 (25.5-37.7)
Take Paxlovid within 5 days -
no. (%)

No 14,404 (96.1) 12 (8-15) 19.7 (19.0-20.3) 71.4 (70.7-72.2)
Yes 587 (3.9) 11 (8-14) 21.3 (17.9-24.6) 75.5 (71.7-78.7)

IQR, interquartile range; CI, confidence interval.

vaccination group (11 days) and the booster vaccination group (11 days), with 15.8% (95% CI: 14.8-16.9) 7-day and 59.5% (95% CI:
58.0-60.9) 14-day cumulative viral shedding rates. Further comparison showed that full and booster vaccination significantly
shortened the viral shedding time compared to the incomplete vaccination group (P < 0.001).

Cases who were male had shorter viral shedding time (11 days; IQR: 8-15; P < 0.001). Cases who had taken Paxlovid within 5 days
after diagnosis also had shorter viral shedding time (11 days; IQR: 8-14; P = 0.010). In contrast, cases had a significant longer viral
shedding time (P < 0.001) if they had a severe or critical infection (18 days; IQR 13-24) or comorbidities (14 days; IQR 10-17).

3.3. Risk factors of viral shedding time

We explored risk factors for viral shedding time (Figure S1). Viral shedding time was shorter for male cases (adjusted HR = 1.099,
95% CI: 1.064-1.135). Compared to the incomplete vaccination group, the full vaccination group (adjusted HR = 1.203, 95% CIL:
1.151-1.258) and the booster vaccination group (adjusted HR = 1.284, 95% CI: 1.229-1.341) had significantly shorter viral shedding
times. The group that had taken Paxlovid within 5 days after their diagnosis also had shorter viral shedding times (adjusted HR =
1.410, 95% CIL: 1.296-1.534). Compared to the 3 to 17-year-old group, all older groups (18-39, 40-59, 60-79, and >80 years) had
significantly longer viral shedding times. Cases with comorbidities (adjusted HR = 0.867, 95% CI: 0.828-0.907) and severe or critical
infections (adjusted HR = 0.521, 95% CI: 0.451-0.603) also had longer viral shedding times.

In addition, we compared the vaccine types among the vaccinated subgroups, as detailed in Table S3 and Figure S2. Of the total
10,388 cases that received vaccination, the majority were given inactivated vaccine, while only 74 cases received Adv vaccine, and 32
cases received mRNA vaccine. Our findings indicate that there was no statistically significant difference in viral shedding times be-
tween the Adv vaccine group and the inactivated vaccine group (adjusted HR = 1.034, 95% CI: 0.821-1.302) or between the mRNA
vaccine group and the inactivated vaccine group (adjusted HR = 0.908, 95% CI: 0.642-1.285).

3.4. N gene or ORF1ab gene trajectories

Based on 5332 cases with CT values of the N gene, 3 viral shedding trajectories were identified (Fig. 3A, C). They were the slow
recovery group (class 1: 23.4% of the cases), the moderate recovery group (class 2: 57.5% of the cases), and the quick recovery group
(class 3: 19.1% of the cases). The median viral shedding times of class 1, class 2, and class 3 trajectories were 15 days (IQR 13-17), 11
days (IQR 9-13), and 7 days (IQR 5-9), respectively. Of the quick recovery group, the 7-day and 14-day viral shedding rates were
60.0% (95% CI: 56.8-62.8) and 94.5% (95% CI: 92.9-95.7), respectively. However, the 14-day viral shedding rate of the slow recovery
group (class 1) was still less than 50% (42.1%; 95% CI: 39.3-44.8).

Table 2 shows the results of the ordinal logistic regression analysis to identify factors of trajectory membership for CT values of the
N gene. The full vaccination group (OR = 1.684, 95% CI: 1.457-1.948), the booster vaccination group (OR = 1.777, 95% CI:
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Fig. 2. Crude Kaplan-Meier survival curves.

1.546-2.043), and the group that had taken Paxlovid within 5 days after diagnosis (OR = 1.505, 95% CI: 1.234-1.836) recovered faster
compared to the incomplete vaccination group. In contrast, compared to the 3 to 17-year-old group, all older groups (18-39, 40-59,
60-79, and >80 years) recovered more slowly. Cases with comorbidities (OR = 0.829, 95% CI: 0.705-0.974) and severe or critical
infections (OR = 0.499, 95% CI: 0.327-0.756) also were predicted to belong to the 3 ordinal recovery trajectories. The factor of sex did
not impact the trajectory membership (P = 0.054).

Based on the 5332 cases with CT values of the ORF1ab gene, 3 viral shedding trajectories were also identified (Fig. 3B, D). These
trajectories were similar to the 3 viral shedding trajectories based on CT values of the N gene. The factors that significantly impacted
the ORF1ab gene trajectory membership were consistent with the N gene trajectories (Table S4).

The details of the dynamic changes of CT values of the N and ORF1ab genes from 1 to 14 days after diagnosis are shown in Figure S3
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Fig. 3. Trajectories of CT values of N gene or ORFlab gene and Kaplan-Meier survival curves (Class 1, slow recovery group; Class 2, moderate
recovery group; Class 3, quick recovery group. CT, cycle threshold.).

Table 2
Results of ordinal logistic regression analysis to estimate factors that significantly impact the N gene trajectory membership.

N gene trajectories” OR (95%CI) P value

Class 1 (N = 1248) Class 2 (N = 3067) Class 3 (N = 1017)
Age group (years)
3-17 49 (3.9) 236 (7.7) 86 (8.5) Ref.
18-39 254 (20.4) 1192 (38.9) 378 (37.2) 0.732 (0.587-0.913) 0.006
40-59 397 (31.8) 1042 (34.0) 305 (30.0) 0.500 (0.398-0.629) <0.001
60-79 389 (31.2) 488 (15.9) 171 (16.8) 0.369 (0.287-0.473) <0.001
>80 159 (12.7) 109 (3.6) 77 (7.6) 0.433 (0.310-0.603) <0.001
Gender
Female 609 (48.8) 1567 (51.1) 535 (52.6) Ref.
Male 639 (51.2) 1500 (48.9) 482 (47.4) 0.901 (0.810-1.002) 0.054
Comorbidities
No 809 (64.8) 2559 (83.4) 813 (79.9) Ref.
Yes 439 (35.2) 508 (16.6) 204 (20.1) 0.829 (0.705-0.974) 0.023
Vaccination status
Incomplete 611 (49.0) 850 (27.7) 299 (29.4) Ref.
Full 274 (22.0) 856 (27.9) 320 (31.5) 1.684 (1.457-1.948) <0.001
Booster 363 (29.1) 1361 (44.4) 398 (39.1) 1.777 (1.546-2.043) <0.001
Severe or critical infection
No 1189 (95.3) 3035 (99.0) 1003 (98.6) Ref.
Yes 59 (4.7) 32(1.0) 14 (1.49) 0.499 (0.327-0.756) 0.001
Take Paxlovid within 5 days
No 1170 (93.8) 2804 (91.4) 941 (92.5) Ref.
Yes 78 (6.2) 263 (8.6) 76 (7.5) 1.505 (1.234-1.836) <0.001

OR, odds ratio; CI, confidence interval.

# Class 1, slow recovery group; Class 2, moderate recovery group; Class 3, quick recovery group.
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and Figure S4. Table S5 shows the descriptive results of CT values of the N and ORF1ab genes on different study days.
4. Discussion

Viral shedding time is important for determining hospital discharge, discontinuation of quarantine, and the effect of antiviral
treatment for COVID-19. During an Omicron BA 2.2-predominant wave of COVID-19 in Shanghai, China, from February 17, 2022, to
June 28, 2022, we used detailed, individual-level data from mobile cabin hospitals and COVID-19-designated hospitals to evaluate the
characteristics and influencing factors of virus shedding time. We also identified 3 viral shedding trajectories and the factors that
significantly impacted the trajectory membership. Various factors have been associated with increased shedding duration, including
increased age, male sex, the severity of illness, and the use of corticosteroids [16-18]. In this study, we also found that increased age
and severity of illness were associated with an increased viral shedding time. Moreover, cases with comorbidities, with incomplete
vaccination status and those who delayed Paxlovid treatment also had prolonged viral shedding.

Our study demonstrated that patients with comorbidities had prolonged viral shedding of 3 days compared to cases without
comorbidities. Furthermore, inactivated SARS-CoV-2 vaccines are widely available in Shanghai. Several previous studies confirmed
that 2 doses and a booster of inactivated vaccine provided protection against severe cases and death in all ages [19,20]. In this study,
we found that 2 doses and a booster of inactivated vaccination shortened the virus shedding time, which provided new evidence for
evaluating vaccine effectiveness.

The viral shedding time is also an important parameter for evaluating the effect of antiviral treatment for infectious diseases. It was
reported that treatment with Paxlovid in the first 5 days since the onset of COVID-19 symptoms was associated with a markedly
reduced risk of progression to severe COVID-19 or mortality, regardless of vaccination status for SARS-CoV-2 [21-25]. Our study found
that cases who received Paxlovid treatment within the first 5 days of their first positive PCR results had a shorter virus shedding time.
This finding was consistent with the clinical outcomes (e.g., low viral burden, disease progression, or mortality) and supports the
conclusions of other studies on antiviral treatment indicating that antiviral treatment should be administered earlier [26,27].

We ultimately identified 3 viral shedding trajectories, which may help characterizing the heterogeneity of viral shedding types
among individuals with SARS- CoV-2 infection. Through the ordinal logistic analyses, we explored the factors that significantly
impacted N or ORF1ab gene trajectory membership and further confirmed the results of the main analysis. The factor of sex did not
significantly impact the trajectory membership. More research identifying different viral shedding trajectories of individuals with
SARS- CoV-2 infection is needed for different populations.

This study had several limitations. Firstly, the virus shedding time was calculated based on the time of the RT-PCR test results.
However, a case’s first positive test time might have been later than the actual infectious time, especially for asymptomatic infections.
As most cases were from COVID-19-designated hospitals and the proportion of the high-risk population was relatively high, the virus
shedding time might not represent the general infected population. Secondly, the infections were assumed to be of the BA.2 variant
based on the timing of the infection waves in Shanghai, without precise sequencing. Although there should theoretically be no other
variant strains in Shanghai during during the Omicron variant BA.2 surge in 2022, this assumption may still be not rigorous enough.
Furthermore, only 35.57% of cases (5332/14,991) in the main analyses were used for the trajectory analyses, which may result in a
certain heterogeneity on the baseline in the population of the main analyses and the trajectory analyses.

In conclusion, understanding viral shedding time is critical to optimizing treatment options and preventing transmission of this
disease. Prolonged viral load shedding also provides an opportunity for virus mutation and transmission. Our study found several risk
factors for prolonged virus shedding time, including increased age, comorbidities, incomplete vaccination status, a more severe disease
state, and delayed Paxlovid treatment. More evidence is needed to confirm whether females have a longer viral shedding time than do
males.
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